The genus Rheinheimera (type species, Rheinheimera baltica), which was first proposed by Brettar et al. [1] and for which its description has since been emended by Merchant et al. [2] , Chen et al. [3] , Li et al. [4] , Liu et al. [5] and Hayashi et al. [6] , belongs to the family Chromatiaceae of the order Chromatiales in the Gammaproteobacteria. At the time of writing, the genus Rheinheimera comprises 19 species with validly published names (List of Prokaryotic names with Standing in Nomenclature; http://www.bacterio.net/rheinheimera.html), which have been isolated from various environments, such as seawater, freshwater, chironomid egg mass, soil, alkaline lake, saline lake, seashore sand, marine sediments and rice roots. Members of the genus Rheinheimera are Gram-stain negative, flagellated, rod-shaped to coccoid cells, oxidase-positive, aerobic or facultatively anaerobic and chemoheterotrophic. Chemotaxonomically, members of the genus are characterized by having ubiquinone Q-8 or menaquinone MK-7, or a mixture of these two as the major respiratory quinone, C 16 : 1 !7c, C 16 : 0 and C 18 : 1 !7c as the predominant fatty acids, phosphatidylethanolamine and phosphatidylglycerol as the major polar lipids and DNA G+C contents of between 42 and 52 mol%. The present study was carried out to clarify the taxonomic position of a novel species of the genus Rheinheimera by a polyphasic taxonomic approach.
During our investigations on the biodiversity of bacteria present in freshwater, a water sample (28 C, pH 6.5, 0 % NaCl) was collected from the Wanan Creek (GPS location: 22 37¢ 21 † N 120 38¢ 48 † E) in the vicinity of Pingtung County, Taiwan on 11 October 2015. The 200 ml water sample was collected in a sterile bag (PolySilk, 400 ml, Scharlab), stored at 4 C and transported to the laboratory within 6 h, and then it was spread on R2A agar (BD Difco) plates by the standard dilution plating method. After incubation of the plates at 25 C for 3 days, a novel dark-greenpigmented bacterium, designated TAPG2
T , was purified as single colonies and selected for detailed taxonomi c analyses. TAPG2
T was sub-cultured under the same conditions and stored at À80 C in R2A broth (BD Difco) with 20 % (v/v) glycerol or by lyophilization.
Genomic DNA was isolated using a bacterial genomic DNA purification kit, and primers 27F (5¢-AGAGTTTGATCC TGGCTCAG-3¢) and 1541R (5¢-AAGGAGGTGA TCCAGCC-3¢) were used for amplification of bacterial 16S rRNA genes by PCR [7, 8] . The 16S rRNA gene was sequenced and analyzed as described previously by Chen et al. [9] . The PCR product was purified using a plus PCR clean up kit, and then sequenced using primers 27F, 1541R, 520F and 800R [7, 8] with an ABI Prism 3730xl automated DNA analyzer (Applied Biosystems). The sequenced length of the 16S rRNA gene was 1421 bp for TAPG2
T and this gene sequence was compared with those available from the EzBioCloud [10] , the Ribosomal Database Project [11] and GenBank at the NCBI. Multiple sequence alignments were performed with clustal W [12] (BioEdit software [13] ). Phylogenetic trees were reconstructed by the neighbour-joining (NJ) [14] , maximum-likelihood (ML) [15] and maximumparsimony (MP) [16] methods using MEGA 7 software [17] . Evolutionary distances for the NJ tree were computed using the Kimura two-parameter model [18] and for the ML methods they were calculated using the Tamura-Nei model [19] , and the Subtree-Pruning-Regrafting algorithm [20] was used for the MP method. In each case bootstrap values were calculated based on 1000 resamplings.
Phylogenetic analysis based on 16S rRNA gene sequence indicated that TAPG2
T represented a member of the family Chromatiaceae of the order Chromatiales, class Gammaproteobacteria. TAPG2
T formed a deep phyletic cluster with Rheinheimera aquatica GR5 T and Rherinheimera texasensis A62-14B
T within the genus Rheinheimera in the maximumlikelihood tree (Fig. 1) . It is notable that, although the genus Rheinheimera is not monophyletic and the taxonomic situation of this group is subject to future revision, TAPG2
T fell within the cluster that exclusively contained members of the genus Rheinheimera. The overall topologies of the neighbour-joining and maximum-parsimony trees were similar. Sequence identity calculations (over 1400 bp) indicated that TAPG2
T was closely related to the species of the genus Rheinheimera (93.3-98.6 % sequence identity), and had the highest sequence identity with R. aquatica GR5 T (98.6 %), followed by R. texasensis A62-14B T T .
The cell morphology was observed by phase-contrast microscopy (DM 2000; Leica) and by transmission electron microscopy (H-7500; Hitachi) (Fig. S1 , available in the online version of this article) at exponential and stationary phases of growth. The Gram Stain Set S kit (BD Difco) and the Ryu non-staining KOH method [21] were used for testing the Gram reaction. Motility was tested by the hanging drop method [22] . The Spot Test Flagella Stain (BD Difco) was used for flagellum staining. The presence of a capsule was assessed using the Hiss staining method [22] . Colony morphology was observed on marine agar under a stereoscopic microscope (SMZ 800; Nikon).
The pH range for growth was determined by measuring the OD 600 of R2A broth cultures. The pH was adjusted prior to sterilization to pH 4-9 (at intervals of 0.5 pH units) using appropriate biological buffers [23] : 100 mM citrate/ Na 2 HPO 4 buffer, pH range 4.0-5.0, 100 mM phosphate buffer, pH range 6.0-7.0 and 100 mM Tris buffer, pH range 8.0-9.0. The temperature range for growth was determined on R2A agar at 4-50 C (4, 10, 15, 20, 25, 30, 35, 37, 40, 45 and 50 C). To investigate the tolerance to NaCl, R2A broth was prepared according to the formula of the BD Difco medium with NaCl concentration adjusted to 0.5 % and 1.0-8.0 %, w/v (at intervals of 1.0 %). Growth under anaerobic condition was determined after incubating TAPG2
T on R2A agar in the Oxoid AnaeroGen system. Bacterial growth was studied on R2A agar, nutrient agar (NA; Difco), trypticase soy agar (TSA; Difco) and Luria-Bertani agar (Difco) under aerobic condition at 30 C.
T and R. baltica OSBAC1 T were examined for a broad range of phenotypic properties. Activities of catalase, oxidase, DNase, urease and lipase (corn oil) and hydrolysis of starch, casein, gelatin and Tweens 20, 40, 60 and 80 were determined using standard methods [24] . Chitin hydrolysis was assessed on chitinase-detection agar and visualized by the formation of clear zones around the colonies [25] . Hydrolysis of carboxymethyl cellulose (CM-cellulose) was tested by the method described by Bowman using R2A agar as the basal medium [26] . Additional biochemical tests were performed using API ZYM and API 20NE kits (bioM erieux) and carbon source utilization was evaluated using the GN2 MicroPlate (Biolog). All tests were performed according to the manufacturers' instructions. 
Sensitivity to antibiotics ofTAPG2
T was tested by the disc diffusion method after spreading cell suspensions (0.5 McFarland) on R2A agar (BD Difco) plates. The discs (Oxoid) contained the following antibiotics: ampicillin (10 µg), chloramphenicol (30 µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg), novobiocin (30 µg), rifampicin (5 µg), penicillin G (10 U), streptomycin (10 µg), sulfamethoxazole/trimethoprim (23.75 and 1.25 µg, respectively) and tetracycline (30 µg) . The effects of antibiotics on cell growth were assessed after 2 days at 30 C. A strain was considered susceptible when the diameter of the inhibition zone was more than 12 mm, moderately susceptible at 10-12 mm and resistant at less than 10 mm as described by Nokhal and Schlegel [27] .
TAPG2
T was sensitive to rifampicin, gentamicin, tetracycline, novobiocin, nalidixic acid, chloramphenicol, kanamycin, streptomycin and sulfamethoxazole/trimethoprim and resistant to penicillin G and ampicillin. In API 20NE tests, it was positive for hydrolysis of aesculin and gelatin, paranitrophenyl-b-galactosidase activity and assimilation of glucose and maltose and negative for nitrate reduction, indole production, glucose fermentation, arginine dihydrolase activity, hydrolysis of urea and assimilation of arabinose, mannose, mannitol, N-acetyl-glucosamine, gluconate, caprate, adipate, malate, citrate and phenylacetate. In the API ZYM kit, it was positive for alkaline phosphatase, C8 esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase,
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Rheinheimera aquatica GR5 T (GQ168584) naphthol-AS-BI-phosphohydrolase and N-acetyl-b-glucosaminidase activities and negative for C4 esterase, C14 lipase, a-galactosidase, orthonitrophenyl-b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase activities. The following compounds were utilized as sole carbon sources in the GN2 microplate: a-cyclodextrin, dextrin, Tweens 40 and 80, N-acetyl-Dgalactosamine, cellobiose, D-galactonic acid lactone, -hydroxyphenylacetic acid, glucuronamide, L-aspartic acid and L-proline. All other substrates in the GN2 microplate were not utilized. Detailed results from the phenotypic and biochemical analyses of TAPG2
T are provided in the species description and Table 1. DNA-DNA hybridization experiments were carried out at 55 C with photobiotin-labelled probes by the method of Ezaki et al. [28] . T represents a separate species.
The fatty acid profiles of TAPG2
T and the nine reference strains were determined using cells grown on R2A agar at 30 C for 2 days, when bacterial cultures reached the stationary stage of growth. The fatty acid methyl esters were prepared and separated according to the instructions of the Microbial Identification System (MIDI), and identified using MIDI version 6.0 and the RTSBA6.00 database [30] .
The predominant cellular fatty acids (>10 % of the total fatty acids) of TAPG2 T were summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c; 34.9 %), C 16 : 0 (14.4 %) and C 18 : 1 !7c (12.2 %) ( Table 2 ). The fatty acid profile of TAPG2
T was similar to those of the other nine species of the genus Rheinheimera examined, although there were differences in the proportions of some components. Their major fatty acids were C 16 : 0 and summed feature 3, and they all had C 12 : 0 3-OH as the predominant hydroxyl fatty acid. In particular, in contrast to the other four reference strains, TAPG2 T , R. tangshanensis JA3-B52 T , R. mesophila IITR-13 T , R. arenilitoris J-MS1 T , R. soli BD-d46 T and R. baltica OSBAC1 T had much higher proportion of C 18 : 1 !7c (>10 %). However, minor quantities of anteiso-C 14 : 0 (2.8 %) was detected in TAPG2
T only but not in the nine reference strains.
The polar lipid profile of TAPG2 T was determined using cells grown on R2A agar at 30 C for 2 days, and polar lipids were extracted and analyzed by two-dimensional TLC according to the method of Embley and Wait [31] . Ethanolic molybdophosphoric acid (10 %) was used for the detection of the total polar lipids, ninhydrin for amino lipids, Zinzadze reagent for phospholipids and a-naphthol reagent for glycolipids. TAPG2
T exhibited a complex polar lipid profile consisting of phosphatidylethanolamine (PE), phosphatidylglycerol (PG), an uncharacterized aminophospholipid (APL), an uncharacterized phospholipid (PL), an uncharacterized aminolipid (AL) and an uncharacterized lipid (L) (Fig. S2 ).
TAPG2
T contained PE and PG as predominant polar lipids, which is consistent with previous descriptions of species of the genus Rheinheimera, such as Rheinheimera longhuensis, R. soli, R. arenilitoris, Rheinheimera. tuosuensis, R. aestuarii and R. mesophila [5, [32] [33] [34] [35] [36] . Furthermore, compared with our previously reported data [37] , these reference strains all had PE, PG, APL and PL, but TAPG2
T differed from the reference strains primarily in the presence and proportions of some minor uncharacterized polar lipids. An uncharacterized aminolipid (AL) was detected only in TAPG2 T , R. aquatica GR5 T , R. tilapiae Ruye-90 T and R. soli BD-d46 T .
Polyamines were extracted from TAPG2 T and analysis was carried out as described by Busse and Auling [38] and Busse et al. [39] . Cells were cultivated in R2-PYE broth (l À1 : 0.75 g peptone from casein, 0.75 g yeast extract, 0.3 g K 2 HPO 4 , 0.024 g MgSO 4 , pH 7.2; [40] ) at 30 C for 3 days, homogenized in 0.2 M perchloric acid (HClO 4 ) and centrifuged. Polyamines in the resultant supernatant were treated with dansyl chloride solution (7.5 µg ml À1 in acetone) and analyzed by HPLC on a D-7000 high-speed liquid chromatograph (Hitachi) and UV-VIS detector L-7420 (Hitachi). TAPG2
T contained putrescine (PUT, 92.7 %) as the major polyamine, and spermidine (SPD, 7.3 %) as a minor component.
The isoprenoid quinones of TAPG2
T were extracted and purified according to the method of Collins and analyzed by HPLC with a Spherisorb ODS column using methanol/1-chlorobutane (100 : 10, v/v) as mobile phase (1.5 ml min À1 ) [41] . The only respiratory quinone of TAPG2 T was ubiquinone Q-8. The DNA G+C content of TAPG2 T , as determined by HPLC according to the method of Mesbah et al. [42] , was 53.6 mol%, a relatively higher value than those of the range reported (42-52 mol%) for members of the genus Rheinheimera [1, 3, 6] .
Phenotypic examination revealed many common traits between the novel strain and the nine reference strains. However, TAPG2
T could be clearly differentiated from those nine closest relatives by its colony pigmentation (Table 1 ). In addition, several phenotypic properties, such as lower temperature for optimal growth (25-30 C), inability to grow at lower temperature (<15 C) and with higher NaCl concentrations (>1 %), inability to reduce nitrate to nitrite, inability to hydrolyze Tween 20, inability to assimilate N-acetyl-glucosamine and presence of valine arylamidase, cystine arylamidase and naphthol-AS-BI-phosphohydrolase activities, may be helpful for separating TAPG2
T from its phylogenetically closest relative, R. aquatica GR5 T (Table 1) . Phenotypic properties including lower temperature (25) (26) (27) (28) (29) (30) C) and lower NaCl concentration (0.5 %) for optimal growth, inability to reduce nitrate to nitrite, ability to grow on nutrient agar, Luria-Bertani agar and trypticase soy agar, ability to hydrolyze Tween 60, ability to assimilate glucose and maltose, absence of C4 esterase activity, presence of valine arylamidase activity and higher DNA G+C content (53.6 mol%), may be helpful for separating TAPG2
T from another phylogenetically close relative, R. texasensis A62-14B
T (Table 1) .
On the basis of phylogenetic inference, TAPG2 T occupies a distinct position within the genus Rheinheimera that is supported by a unique combination of chemotaxonomic and biochemical characteristics. TAPG2
T is considered to represent a novel species of the genus Rheinheimera, for 
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